Background While AF is a disease of the elderly, it can occur earlier in the presence of risk factors such as obesity. Bariatric surgery patients are significantly younger and more obese than previously described populations with AF. Therefore, it remains to be determined whether current estimates of the prevalence and predictors for AF remain true in the bariatric surgery population. Conclusions The prevalence of AF is 1.9 % among patients undergoing bariatric surgery. Risk of AF was found to increase with age and male gender, but not with higher BMI.
Atrial fibrillation (AF) is the most common cardiac arrhythmia and is associated with increased risk of death, dementia, heart failure, and stroke. The risk of AF increases with age and the presence of acquired risk factors such as obesity [1] [2] [3] [4] [5] . Epidemiologic studies have demonstrated an increased risk for incident AF in obese patients with body mass index (BMI) ≥30 kg/m 2 [1] ; however, patients referred for bariatric surgery are more obese, and significantly younger than the previously described populations. Therefore, it remains to be determined if current estimates of the prevalence and risk factors for AF hold true in the bariatric surgery population. Given the public health interest to develop novel strategies for primary and secondary prevention of AF, surgical weight loss may be an unexplored therapy for obese patients with AF that warrants further evaluation. Accordingly, given the mounting interest in evaluating weight loss therapy for AF, the aims of this study were to define the prevalence and identify the clinical predictors for AF among a large cohort of patients undergoing bariatric surgery.
Materials and Methods
We performed a cross-sectional analysis of 1,341 consecutive patients who underwent de novo bariatric surgery at Vanderbilt University Medical Center (VUMC) from January 2008 to October 2012. Given a major goal of the study was to establish the prevalence of AF, all patients were included in the analysis. All types of bariatric surgery were eligible: Roux-en-Ygastric bypass (RYGB), gastric banding, and sleeve gastrectomy. The study protocol was approved by the Vanderbilt University Institutional Review Board.
To compare the characteristics of bariatric surgery patients with AF to a larger group of morbidly obese patients with AF, 176 patients with BMI ≥40 kg/m 2 and no history of bariatric surgery were identified from the Vanderbilt AF Registry. The Vanderbilt AF Registry is a prospective clinical database and DNA bio-repository established in 2001 [6] .
Electronic medical records were manually reviewed for all patients (MBS, SG, DP) and data was entered into a central database (Research Electronic Data Capture [REDCap]) [7] . In addition, to ensure a diagnosis of AF was not missed, natural language tools available within the VUMC electronic medical record were used to search the terms: "atrial fibrillation," "afib," and/or "AF" within any note of the bariatric surgery patients. Clinical notes mentioning AF-related terms were read to confirm the diagnosis was made. In addition, ECGs were standard prior to bariatric surgery, and reviewed for evidence of AF (MBS, SG). A goal of this study was to develop a model to predict AF from standard clinical variables. Only patients diagnosed with AF prior to bariatric surgery were included as AF cases for multivariable modeling (see statistical analysis below).
Demographics and patient characteristics were recorded. BMI was calculated as the weight in kilograms divided by the height in meters squared. Documentation of the comorbid conditions hypertension, type II diabetes, coronary artery disease, congestive heart failure, and obstructive sleep apnea were recorded. Renal function was expressed as the estimated glomerular filtration rate (eGFR) using the modification of diet in renal disease (MDRD) formula and the creatinine measurement from pre-operative evaluation. For patients with available echocardiogram data, left ventricular ejection fraction (LVEF), interventricular and left ventricular (LV) posterior wall thickness (in millimeters), and left atrial (LA) diameter (in millimeters) were recorded. Type of AF was recorded as paroxysmal if episodes terminated spontaneously within 7 days, or non-paroxysmal if episodes persisted ≥7 days and/ or required electrical or pharmacologic cardioversion. A commonly used clinical thromboembolic risk prediction score for patients with AF, the CHADS-2 score, was recorded as 0, 1, or ≥2. Pharmacologic therapies with antiarrhythmic medications were recorded as Vaughn-Williams class I, class III (excluding amiodarone), amiodarone, or none. Amiodarone was considered separately given the overlap in mechanism between Vaughn-Williams classes I and III, and its unique adverse side-effect profile. Rate control therapy was recorded as use of beta-blockers, non-dihydropyridine (DHP) calcium channel blockers, digoxin, or none. Thromboembolic prophylaxis was recorded as warfarin, dabigitran, other anticoagulants, aspirin only, or none. AF ablation was defined as any catheter-based or surgical pulmonary vein isolation procedure, or surgical MAZE.
For the non-bariatric surgery AF cohort, demographics and baseline characteristics recorded at the time of enrollment in the Vanderbilt AF Registry were used for analysis in this study. Details of data collection have been previously described [6] . Age at time of AF diagnosis was provided by patient report.
Categorical variables were expressed as frequency (percentage), and continuous variables were expressed as the median with interquartile range (IQR). Pearson's Chi-square or Fisher's exact tests were used to compare categorical variables, and Mann-Whitney U or Kruskal-Wallis tests for continuous variables. For comparisons of >2 groups, pair-wise comparisons were performed if the global test for significance was achieved using Pearson's Chi-square or Kruskal-Wallis tests (p ≤0.05). A multivariable logistic regression analysis was performed to determine the independent contribution of age (continuous), male gender (yes/no), and BMI (continuous) to predict AF (yes/no) among patients who underwent bariatric surgery. Multiplicative interaction terms were tested between age, gender, and BMI. To avoid over-fitting the statistical model, an 8:1 ratio of events per degree of freedom was used. The covariates age, gender, and BMI were pre-specified for inclusion in the model based on previously described association with AF [1, 2] . No records contained missing data. Overall, the multivariable model cost a total of 3 degrees of freedom. A pre-specified secondary analysis was performed using linear regression to examine the effect of age and BMI on LA size. Two-sided p values <0.05 were considered statistically significant. Statistical analysis was performed in SPSS version 21 (IBM Corp., Armonk, NY).
Results
The bariatric surgery cohort was comprised of 1,341 patients with median age of 47 years (IQR 38-56), 24 % male (N = 318), and median BMI of 47 kg/m 2 (43-54). Twenty-five patients were found to have AF prior to bariatric surgery for an overall prevalence of 1.9 %. Seven additional patients without a diagnosis of AF prior to surgery were observed to develop peri-operative AF (<3 months following bariatric surgery). Baseline characteristics of the bariatric surgery cohort stratified by AF status are presented in Given our limited sample size of bariatric surgery patients with AF, we sought to explore the generalizability of our findings to a larger non-surgical group of morbidly obese patients with AF ( The current management used for AF in obese patients is presented in Table 4 . Within the bariatric surgery with AF ). An interaction between age and gender was tested and non-significant (p =0.5). A logistic regression model was fit using our data from patients undergoing bariatric surgery to predict the primary outcome of AF (yes or no) as a function of age in years (continuous variable). Using this model the probability of AF was plotted as a function of age. Based on this plot, the probability of AF in a patient undergoing bariatric surgery ranges from approximately 2 % in a patient 50 years of age to 8 % in a patient 65 years of age. In our secondary analysis using multivariable linear regression, age was found to increase LA size by 1.3 mm per decade (β =1.3±0.3; p <0.001), and BMI was found to increase LA size by 0.7 mm per 5 kg/m 2 (β =0.7± 0.2, p <0.001).
Discussion
The overall prevalence of AF in patients who underwent bariatric surgery was 1.9 % (25/1,341). Consistent with prior studies, age and male gender were significant predictors of AF, but BMI was not [2] [3] [4] [5] . These finding suggest that among patients undergoing bariatric surgery, which represent the extreme end of the obesity spectrum, the probability of AF is more strongly associated with advancing age rather than further elevation of BMI. Our findings indicate that the probability of AF among patients undergoing bariatric surgery is higher than in the general population, and can be best predicted by patient age.
Data from 1.89 million health maintenance organization participants estimated the prevalence of AF to be <0.1 % in patients <55 years of age, and an overall prevalence of 0.95 % [8] . Given the relatively young age of bariatric surgery cohorts, including ours (median age 47 years, IQR 38-56), the prevalence of AF would be predicted to be low [9, 10] . Nonetheless, our observed prevalence was 1.9 % overall, and exponentially increased with age to over 10 % in patients 70 years of age (Fig. 1) . This demonstrates the substantial contribution of obesity and obesity-related comorbidities towards the multifactorial development of AF.
Previous data from the Framingham Heart Study Cohort established obesity as a significant risk factor for incident AF independent of age and other clinical predictors, and demonstrated an independent association between BMI and LA size. When adjusted for age and gender, the association between BMI and AF did not reach statistical significance in our study; however, subgroup analysis in patients with available echocardiogram data demonstrated an independent association between age and BMI on LA size. Given LA size is considered an intermediate phenotype for AF, this suggests an association between BMI and AF may exist among bariatric surgery patients that our study was underpowered to detect.
Health care costs directly associated with the management of AF exceed $6.5 billion dollars per year in the USA [11] . Contributing to this problem is the poor efficacy of existing therapies and untoward side-effects of antiarrhythmic drugs and anticoagulant use. Our study demonstrates that AF is a clinically significant problem in morbidly obese patients with most patients (68 %) having persistent AF, over 50 % needing direct current cardioversion, 9 % have suffered a stroke or transient ischemic attack, and 13 % requiring chronic amiodarone therapy. Furthermore, 27 % of patients underwent AF ablation despite reduced efficacy in obese patients and an increased risk of procedural complications [12] [13] [14] .
While the link between obesity and AF is incompletely understood, it is recognized that increased adiposity promotes a pro-fibrillatory substrate through mechanisms including left atrial (LA) enlargement, LA pressure elevation, shortening of the LA and pulmonary vein effective refractory periods, LV diastolic dysfunction, and through the pathophysiological changes accompanying type II diabetes mellitus and obstructive sleep apnea [15] [16] [17] [18] [19] . Bariatric surgery is an effective therapy for weight loss, and has been found to reverse the structural cardiac changes associated with AF such as LA dilation, as well as cure type II diabetes and obstructive sleep apnea [9, 20, 21] . Given that current therapies for AF are less effective in obese patients [12, 22] ; bariatric surgery may represent a novel therapeutic option that warrants further evaluation. This study has several limitations. Due to the frequency of asymptomatic or minimally symptomatic episodes of AF, cases of AF may have gone undiagnosed causing our results to underestimate the true prevalence of AF among bariatric surgery patients. AF is not considered a contraindication for bariatric surgery; therefore, patients with AF were not selectively excluded from bariatric surgery during the pre-operative evaluation. The number of AF cases among our bariatric surgery cohort was small and limited the number of clinical predictors we could explore in multivariable analysis. Our results represent a single-center experience which might limit the generalizability of our findings to other bariatric surgery Fig. 1 Graph of probability of AF according to age for patients undergoing bariatric surgery populations. Future studies collecting a larger, multicenter cohort of bariatric surgery patients could better define the prevalence and predictors of AF in this population.
Conclusion
Despite the relatively young age of bariatric surgery patients, AF is common with an overall prevalence of 1.9 %. Among bariatric surgery patients, which represent the extreme end of the obesity spectrum, age and male gender are better predictors of development of AF compared to further increase in BMI.
